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Abstract
This mycological study was embarked upon to provide more detailed reports
on the presence and different types of fungal agents associated with the contamination of smoke-dried fish sold in open markets in Makurdi, Benue
State. A total of 100 randomly selected smoke-dried fish samples from the 3
major fish markets in the study area were used for the study. The samples
were aseptically processed and cultured for fungal isolation using Sabouraud
Dextrose Agar. Isolates were identified using macroscopic and microscopic
characteristics, and comparison with species in fungal atlas. Fungi were detected in 74 of the 100 smoke-dried fish samples from the 3 markets surveyed
with isolation rates ranging from 67.6% to 84.8%. A total of 77 fungal isolates
were recorded from the 74 positive samples. Aspergillus (28.6%), Mucor
(20.8%), Penicillum (18.2%) and Rhizopus (15.6%) were the dominant fungi
detected, while Absidia (9.1%) and Candida (7.8%) occurred less frequently.
In view of the high fungal contamination of smoke-dried fish, fishermen and
marketers should adapt better methods of fish handling and preservation.
More awareness on the health implications of fungal contamination of fish
products should be created among fish handlers and consumers.
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1. Introduction
The smoking processes of fish are of two forms viz. wet hot smoking and dry hot
smoking [1]. Both processes are carried out at temperatures high enough to cook
the fish. Wet hot smoking usually takes about 1 - 2 hours and yields a moist,
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versatile product with about 40 - 55 percent moisture content, while dry hot
smoking, which is usually preceded by the former process, takes about 10 - 18
hours, sometimes days and yields fish with 10 - 15 percent moisture content. In
the tropical countries such as Nigeria, Akande and Tobor [2] and Olokor et al.
[3] documented that smoke-drying of fish is one of the oldest available local
forms of preservation methods essentially employed by most fishing communities. Smoke-drying, apart from giving the product desirable taste and odour,
preserves and prolongs the shelf-life of fish products conveniently at ambient
conditions through its anti-bacterial and oxidative effects, lowering of pH, imparting desirable colouration, accelerating the drying process and acting as antagonist to spoilage agents [2] [4] [5] [6] [7].
Consumption of smoked and smoke-dried fish without further cooking is
common in Nigeria. It has been reported that smoke-dried fish are often contaminated with microorganisms such as bacteria, yeasts and moulds from the
processing units to market centres [7] [8]. It was noticed that good storage practices are not observed by most wholesalers of smoked and smoke-dried fishes
such as improper ventilation and easy access of pest into the storage environment [7] [9]. Banwart [10] also observed that most of the post processing microbial contaminants originate from poor handling practices, while some could be
from the air, the source of the fish, or from other degrading substances [11]. In
humid tropical conditions, Banwart [10] reported that very dry smoked fish with
low moisture contents are prone to insect infestation, while others having medium to high moisture contents are predisposed to both bacterial and fungal
contaminations [11].
Several fungal agents associated with the contamination of smoked and
smoke-dried fishes, such as Aspergillus, Penicillum, Zygomycetes and yeasts are
known to be opportunistic pathogens [12] causing varying degrees of health
problems to both animals and man. Swaminathan and Sparling [13] reported
that numerous pathogenic agents isolated from different types of fish were toxigenic, and their toxins retained in fish flesh even after salting and storage periods which causes serious systemic dysfunctions and public health hazards [7].
Corroborating the report of Swaminathan and Sparling [13], Tournas et al. [14]
pointed out that most mycotoxins are stable compounds that are not destroyed
during food processing or home cooking, and several cases of human gastroenteritis, severe diarrhoea and food poisoning outbreaks have been recorded after
smoked fish consumption [7].
Despite the numerous reports on the fungal contaminants of smoke-dried fish
in Nigeria and its public health implications, documented reports and studies on
the mycology of smoke-dried fish in Makurdi and Benue State in general are
pauce. Thus the need for this mycological study embarked upon to provide more
information on the presence and different types of fungal species associated with
the contamination of smoke-dried fish sold in open markets in Makurdi, Benue
State, North-Central Nigeria.
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2. Materials and Methods
2.1. Study Area
The study was conducted in Makurdi, the capital city of Benue State in
north-central Nigeria. The geographic coordinates of the capital city are longitude 8˚32'00" and latitude 7˚44'00" [15]. Makurdi is inhabited mainly by civil
servants, paramilitary, soldiers, traders, fishermen, farmers, and craftsmen. It is
known for its warm, humid and tropical climate which favours the growth of
many microorganisms. The town is also rich in natural resources, and the River
Benue supports maritime trade and fishing

2.2. Sample Collection
Smoke-dried fish samples used in this study were randomly selected and purchased,
from October 2015 to March 2016, from Wurukum, Wadata and North-Bank
markets which were the three major fish markets in the study area. A total of 100
fish samples was used for the study, and were collected in well-labeled sterile
polythene bags and transported to the laboratory for processing and analysis for
presence of fungi.

2.3. Isolation and Identification of Fungal Agents
The fish samples were aseptically processed for fungal isolation following the
procedure described by Oyebamiji and Oyebimpe [16]. Each of the fish samples
was blended and 5 g suspended in 10 ml of sterile distilled water. A drop of the
suspension of each blended fish sample was inoculated on Sabouraud Dextrose
Agar (Life-Safe Biotech) plates. The plates were sealed with masking tape to
prevent contamination by crawling insects and were then incubated at room
temperature by placing the inoculated plates on a clean bench in the laboratory.
The plates were then examined daily for fungal growth for 2 - 3 weeks.
Isolates were identified using macroscopic (cultural characteristics), microscopic morphologies and comparison with already identified species in relevant
fungal atlas [12] [17].

2.4. Data Analysis
The frequencies and market distributions of fungal isolates were determined using proportion and rates. The results were presented in tables and figure.

3. Results and Discussion
Samples from 74 of the 100 smoke-dried fish examined, showed fungal contamination (Table 1). The rates of fungal contamination of smoke-dried fish sold
in Wurukum, Wadata and North Bank markets in Makurdi were very high ranging from 67.6% to 84.8%. This finding reveals that smoke-dried fish sold in major
markets in Makurdi, Benue State, North-central Nigeria are contaminated by fungi. Similar findings were reported in similar mycological studies on smoke-dried
fish sold in markets in different parts of Nigeria [6] [7] [11] [16] [18]-[23].
DOI: 10.4236/fns.2019.103022
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Table 1. Distribution of fungal contaminants of smoke-dried fish in three markets in
Makurdi Metropolis.
Market

No. sampled

No. (%)* positive

Wurukum

30

21 (70.0)

Wadata

33

28 (84.8)

North-Bank

37

25 (67.6)

Total

100

74 (74.0)

* = % of total number sampled for each row.

In Jos, Junaid et al. [19] reported fungal contamination rate of 100% of
smoke-dried fish samples while Job et al. [6] recorded contamination rates
ranging from 15% - 85%. Ayuba et al. [21] and Ayuba et al. [11], in their studies
on microbial load of smoked fish sold in the different markets in Makurdi, did
not report the rates of fungal contamination of the fish sampled. Similar results
were reported in Uyo [18], Ibadan [16] [22] and Maiduguri [7].
The reported high fungal contamination of smoke-dried fish could be associated, as observed by Eyo [5], Akande and Tobor [9] and Sani et al. [7], with the
handling of fish which could engender microbial contamination especially in artisanal fishery due to unhygienic methods of reducing temperature. During the
smoke-drying period, Eyo [5] and Akande and Tobor [9] cited by Sani et al. [7]
pointed out that smoking kilns used in artisanal fishery and the overloading of
the fish in the trays leads to improper processing which in turn encourages fungal attack. In addition, post-processing handling and storage, according to Okiya
and Akeodi [24], may be responsible for the presence of high numbers of fungi
in the smoked fish samples at the points of sale; and it could also be a result of
survival of the spores of these organisms during the heat treatment and their
subsequent germination afterward [20]. Thus the growth of fungi in smoke-dried
fish can be affected by the storage method employed. It was observed, during
sample collection for the present study, that smoke-dried fishes were stored either in baskets, wooden boxes or metal containers with covers. Osibona et al.
[23] observed in their study that storage containers play a vital role in the preservation and shelf-life of smoked dried fish, and recommended the use of airtight storage containers for smoked fish.
A total of 77 fungal isolates were recorded from the 74 positive smoke-dried
fish samples examined (Table 2). Twenty-three (29.9%) fungal isolates were
recorded for Wurukum market while 28 (36.4%) and 26 (33.8%) were recorded
for Wadata and North Bank markets respectively. The number of fungal isolates
in this study was more than the number of smoke-dried fish samples positive for
fungi due to mixed growth of fungi in some samples. Junaid et al. [19] similarly
reported obtaining 139 fungal isolates from 100 smoked fish samples due to
mixed growth in combinations of 2 or 3 fungi. Job et al. [6] obtained 164 fungal
isolates from 60 samples. Sani et al. [7] also reported mixed growth in various
combinations of fungi.
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Table 2. Frequencies of fungal isolates in smoke-dried fish in three markets in Makurdi
Metropolis.
Market (%)*

Fungal isolate

Total (%)**

Wurukum

Wadata

North-Bank

Aspergillus niger

4 (17.4)

3 (10.7)

4 (15.4)

11 (14.3)

Aspergillus flavus

2 (8.7)

4 (14.3)

3 (11.5)

9 (11.7)

Aspergillus fumigatus

1 (4.3)

0 (0.0)

1 (3.8)

2 (2.6)

Penicillum species

6 (26.1)

4 (14.3)

4 (15.4)

14 (18.2)

Mucor species

4 (17.4)

6 (21.4)

6 (23.7)

16 (20.8)

Rhizopus species

3 (13.0)

5 (17.9)

4 (15.4)

12 (15.6)

Absidia species

0 (0.0)

4 (14.3)

3 (11.5)

7 (9.1)

Candida species

3 (13.0)

2 (7.1)

1 (3.8)

6 (7.8)

Total (%)**

23 (29.9)

28 (36.4)

26 (33.8)

77 (100)

* = % of total number of isolates for each market; ** = % of overall number of isolates (77).

The present study revealed that fungal genera associated with contamination
of smoke-dried fish sold in Makurdi were Aspergillus, Penicillum, Mucor, Rhizopus, Absidia and Candida species (Table 2). Aspergillus (28.6%), Mucor
(20.8%), Penicillum (18.2%) and Rhizopus (15.6%) were the dominant fungi
recorded in association with the smoke-dried fish contamination. Absidia (9.1%)
and Candida (7.8%) occurred less frequently. Members of Zygomycetes (Mucor,
Rhizopus and Absidia species), taken as a group (Figure 1), recorded the highest
isolation rate (45.5%). Aspergillus isolates obtained in this study were identified,
as shown in Table 2, as A. niger 11 (14.3%), A. flavus 9 (11.7%) and A. fumigatus 2 (2.6%). Aspergillus niger and A. flavus were the dominant species. The only yeast identified in this study was Candida species
Many fungal organisms associated with the contamination of smoke-dried
fish sold in markets in Nigeria have been reported in different studies [6] [7]
[11] [16] [18] [19] [20] [21] [22]. In Makurdi, Ayuba et al. [11] and Ayuba et al.
[21] respectively isolated and identified 4 and 2 fungal genera associated with
smoked fish. The isolates reported by Ayuba et al. [11] were Aspergillus niger,

Alternaria species, Mucor species and unidentified yeast while Ayuba et al. [21]
identified only Aspergillus niger and Mucor species. The present study in Makurdi revealed that other fungal organisms such as Aspergillus flavus, Aspergillus fumigatus, Penicillum, Rhizopus, Absidia and Candida species were also
fungal contaminants of smoke-dried fish. However, Alternaria species were not
identified in this study. Sani et al. [7] reported Aspergillus fumigatus, Aspergillus
niger, Candida albicans, Mucor species, Penicillium species, Trichophyton rubrum, Microsporum audunii, Candida tropicalis, Candida stellatoidea as fungi
associated with smoke-dried fish sold in Maiduguri metropolis. Contrary to our
findings, Sani et al. [7] isolated Trichophyton rubrum and Microsporum audunii
from smoke-dried fish and did not isolate Aspergillus flavus, Rhizopus and Absidia
DOI: 10.4236/fns.2019.103022
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Figure 1. Percentage occurrence of fungal isolates in smoke-dried fish in Makurdi Metropolis.

species. In Jos, Junaid et al. [19] reported the isolation of Trichophyton verrucosum in addition to Aspergillus, Mucor, Rhizopus, Penicillum and no yeasts.
While in another study in Jos, Job et al. [6] identified many yeasts and no dermatophytes as contaminants of smoke-dried fish. Fusarium species, in addition
to Aspergillus, Penicillum and Rhizopus species were identified by Jimoh et al.
[22] in Ibandan.
The contamination of smoke-dried fish by many different species of fungi, as
observed in this study and many other earlier studies, is not surprising because,
according to Akande and Tobor [9] cited by Sani et al. [7], the environment
where fish are displayed in the market are usually unhygienic and could constitute another avenue for microbial contamination. Akande and Tobor [9] and
Sani et al. [7] correctly observed that very often, retailers display the smoke-dried
fish samples in open trays beside refuse heaps which encourages fungal attack
through air droplets.
The fungi isolated in this study are all opportunistic pathogens [12] of medical
and veterinary importance. The presence of toxigenic fungi, for example some
species of Aspergillus, Penicillium and Candida, in foods as contaminants increases the risk for mycotoxins production which could induce gastrointestinal
and metabolic disturbances when contaminated foods like smoke-dried fish are
consumed [25] [26]. Among the moulds isolated by Job et al. [6], only strains of
Aspergillus flavus presented aflatoxigenic producing potentials. However, Osibona et al. [23] detected aflatoxin and ochratoxin A in stored fish samples as a
result of the presence of Aspegillus and Penicillium species; while Bukola et al.
[18] detected aflatoxins B1 and G1 in all the species of Aspergillus isolated in
their study in Uyo. Nevertheless, Sani et al. [7] opined that many fungal genera
have virulence factor which cause toxin elaboration under favourable predisposing environment.
DOI: 10.4236/fns.2019.103022
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4. Conclusion
The present study revealed that smoke-dried fish sold in open markets in Makurdi metropolis are contaminated with different species of moulds some of
which are known toxigenic fungi of human and animal health significance. In
view of the high fungal contamination of smoke-dried fish in the study area, as a
result of poor handling, processing and storage, fishermen and marketers should
adapt better methods of preservation (drying and storage). Also more awareness
on the health implications of fungal agents and mycotoxins associated with contaminated fish products should be created among fish handlers and consumers.
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